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E-mail address: huangzhanjing@sohu.com (Z. HuaBased on our microarray-analysis results of the salt tolerant wheat mutant, RH8706-49, an
unknown salt-induced gene containing a conserved DUF662 domain was identiﬁed and cloned;
we named this gene TaSRG (Triticum aestivum Salt Response Gene). Real-time quantitative PCR anal-
yses showed that the expression of this gene was affected by salt, drought, cold, ABA and other stress
conditions. The overexpression of TaSRG in wild-type Arabidopsis resulted in increased salt toler-
ance compared with wild-type plants. In addition, subcellular localisation revealed that TaSRG
encodes a protein that was found mainly in the nucleus. Our results suggest that wheat TaSRGmight
encode a transcription factor that could be utilised for enhancing stress tolerance in a wide range of
plants.
 2011 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
Salinisation often leads to osmotic stress, ion toxicity and nutri-
tional deﬁciencies [1]. Under high salt concentrations, seed germi-
nation, vegetative growth, ﬂowering and fruiting are affected and
plant productivity decreases [2].
Salt stress can induce the expression of many plant genes [3].
These genes encode proteins of diverse functions, including
molecular chaperons, osmotic adjustment proteins [4], ion chan-
nels [5], transporters [6], and antioxidation or detoxiﬁcation pro-
teins [7], and the expression of these proteins is largely
regulated by speciﬁc transcription factors [8]. Of more than 30
families of transcription factors that have been predicted, mem-
bers of the DREB or CBF, MYB, bZIP, and zinc-ﬁnger families have
been well characterised, and their roles in the regulation of plant
stress responses have been described. Overexpression of some
stress-inducible transcription factors, such as SNAC1 [9] and
HOS1 [10], can increase tolerance to drought, salinity, or low
temperature in Arabidopsis or rice.
For this study, we employed microarray analysis [11] and stud-
ied the global gene expression of the salt-tolerant wheat mutant,
RH8709-49 [12], under salt stress. The results showed that the
expression of 61 215 genes was regulated under salt stress [13].
For this report, one of those up-regulated genes was cloned, andchemical Societies. Published by E
ng).its function, as it relates to salt-stress responses, was further
characterised.
2. Materials and methods
Seeds of RH8706-49, a wheat mutant that is salt tolerant, were
imbibed in water until the emergence of the roots, and the germi-
nated seeds were then hydroponically cultured at 23 C under a
16-h photoperiod. At the stage of two leaves and one shoot, the
plants were subjected to salt stress according to a previously de-
scribed method [14]. Arabidopsis seeds were sown on Murashige
and Skoog (MS) medium [15] plus 30 g/L sucrose, 10 g/L agar, pH
5.7, according to a previously published method [16]. Seeds of an
Arabidopsis SALK line (SALK_095340) with a conﬁrmed defect at
the At2g27740 locus, due to a T-DNA insertion, were obtained from
The Arabidopsis Information Resource (TAIR). Arabidopsis ecotype
Colombia were grown in soil or in MS medium under a 16-h
photoperiod.
2.1. TaSRG cloning
Total RNA was extracted from the leaves of RH8706-49. The
extraction and reverse transcription were performed as previously
described [14]. Primer Premier 5.0 software was employed to de-
sign the following speciﬁc primers: forward primer, 50-ATAGGA
TGCAGGGCGAAGTG-30; and reverse primer, 50-ATGGGACGGACGG
AGATTG-30. Plant cDNA was used as the template for the PCR
ampliﬁcation.lsevier B.V. All rights reserved.
Table 1
Primers used in the quantitative real-time PCR.
Genes Primers
RD29B 50GTGAAGATGACTATCTCGGTGGTC30
50TACCAAGAGACTCAGCAATCTCTG30
KIN2 50GTCAGAGACCAACAAGAATGCC30
50TGACTCGAATCGCTACTTGTTC30
COR15a 50ACTCAGTTCGTCGTCGTTTCTC30
50TCTCACCATCTGCTAATGCCTC30
P5CS1 50TTCTCAGATGGTTTCCAGGTTG30
50TGGGAATGTCCTGATGGGTG30
ADH 50CTCTTGGTGCTGTTGGTTTAGG30
50AATTGGCTTGTCATGGTCTTTC30
Actin 50AGGCACCTCTTAACCCTAAAGC30
50GGACAACGGAATCTCTCAGC30
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RH8706-49 plants at the stage of two leaves and one shoot were
subjected to a treatment of 175 mM NaCl, 50 lmol/L ABA, 16.7%
PEG6000 or 4 C for different periods of time. The total RNA extrac-
tion was performed at different time points (0, 1, 6, 12, 24, and
72 h) and the cDNA was reverse transcribed using the above-men-
tioned protocols. For the gene expression analyses, quantitative
real-time RT-PCR was carried out using a Rotor-Gene 3000 Cycler
(Corbett Research, Mortlake, NSW, Australia), and the gene expres-
sion data were analysed using RG3000 6.0 software (Gene Com-
pany Ltd., Hong Kong). The wheat b-actin gene (GenBank
accession No. AB181991) was used as an internal reference and
SYBR Green as a dye. TheDDCt method was used for the gene tran-
script quantitative analyses. There were three replicates for each
sample. The primers 50-ATAGGATGCAGGGCGAAGTG-30 and 50-TTG
TCCCTGACCTCCATCTTC-30 were used to amplify TaSRG, and the
primers 50-TGCTATCCTTCGTTTGGACCTT-30 and 50-AGCGGTTG
TTGTGAGGGAGT-30 were used to amplify b-actin.
2.3. Assay of the activation of gene transcription
The pG221 plasmid, derived from a yeast one-hybrid system
vector, was modiﬁed by the addition of three copies of the yeast
GAL4 cis-element to the upstream region of the CYC1 core pro-
moter and the lacZ gene. Plasmid pYF503 contained a GAL4-bind-
ing domain. The TaSRG gene was introduced by PCR ampliﬁcation
into the pYF503 vector, which was then used to transform compe-
tent cells of the pG221 plasmid-containing yeast strain, EGY48, via
the lithium acetate transformation method [17]. The empty
pYF503 plasmid was also introduced into yeast strain EGY48.
Transformed yeast cells were grown on SD/-Trp media at 30 C
for 2–3 days. Colonies were blotted on to dry, sterile ﬁlter paper.
The blot was frozen in liquid nitrogen and thawed three times.
The blot was then placed onto sterile paper soaked with Z buffer
(21.51 g/L Na2HPO412H2O, 6.22 g/L Na2HPO42H2O, 0.15 g/L KCl,
0.246 g/L MgSO47H2O and 0.334 g/L X-gal) and kept at 30 C in
the dark for 2 h. The primers, 50-GAATTCATGCAGGGCGAAGTG-30
and 50-GTCGACCTAATAGAGTGAATC-30, were used to conﬁrm,
by PCR, the presence of the TaRSG gene in the transformed yeast
cells.
2.4. Construction of a binary expression vector and transformation of
Arabidopsis thaliana
The TaSRG cDNA was also inserted into the binary vector,
pCAMBIA1300, under the control of the CaMV 35S promoter [13].
The expression vector was then introduced into Agrobacterium
tumefaciens (GV3101) using the freeze-thaw method. The trans-
formed Agrobacterium was used to transform Arabidopsis thaliana
according to a published method [18]. Transgenic Arabidopsis
seeds were screened using Hygromycin (25 mg/L) that was added
to the MS medium. Further RT-PCR validation of the selected trans-
genic plants was performed. The subcellular localisation analysis
was conducted using the primers, 50-TCTAGAATGCAGGGC
GAAGTGGAG-30 and 50-GGATCCCATAGAGTGAATCGACTGTC-30.
The primers used for the overexpression analyses and rescuing
the mutant were 50-TCTAGAATGCAGGGCGAAGTGGAG-30 and 50-
GGATCCCTAATAGAGTGAAT CGACTGTC-30.
2.5. Salt tolerance of transgenic Arabidopsis
Seeds of Arabidopsis wild-type (WT), transgenic lines and
homozygous mutant lines were sterilised and placed on MS media
containing 50, 100 or 150 mM NaCl for the observation of the dif-ferences in seed germination. Or sterilised seeds were also placed
on MS plates that were kept vertical in a 22 C incubator. After
4 d for germination, the seedlings were moved to MS plates that
contained 100 mM NaCl for root growth and were vertically placed
for another 4 d.
2.6. Determination of ion and proline content
Ten-day-old Arabidopsis WT plants, overexpression transfor-
mants and the mutant grown on MS medium were transplanted
into soil and kept for 2 weeks at 22 C under normal light condi-
tions. The plants were then treated with 0 mM NaCl and 175 mM
NaCl for 10 days. The aerial tissues were collected to determine
the ion and proline contents using a UV-visible spectrophotometer
(PGENERAL UV-1800S) according to previously described proce-
dures, [19] and [20], respectively.
2.7. Stress-related gene expression in transgenic Arabidopsis
To investigate the mechanisms of TaSRG-induced salt tolerance
and the possible signal transduction pathways, 15-d-old trans-
formant (141), mutant (404) and WT plants were used for RNA
extraction. The cDNA was then produced by reverse transcription
and used for the salt stress-induced gene expression analysis using
a real time quantitative PCR method. The primers used for the
qPCR analyses are presented in Table 1.
2.8. Construction of RNAi vector and transgenic rice salt tolerance
evaluation
The cDNA of Os04g0408600, a TaSRG homologue in rice, was
ampliﬁed by PCR and then cloned into the binary vector, pTCK303,
for RNA interference. The constructed binary vector was used to
transform wild-type rice cv. ‘Nipponbare’ through Agrobacte-
rium-mediated transformation, and the empty vector, pTCK303,
was used for a control. For germination selection, transgenic seeds
were imbibed in 1 lg/mL hygromycin solution. After seven days,
the positive plants were grown in Hoagland’s nutrient solution
for another seven days at 28 C under a 16-h photoperiod. The
plants were then grown in Hoagland’s nutrient solution containing
150 mM NaCl for an additional 7 days, and the number of surviving
plants was recorded.
After seven days of growth in Hoagland’s nutrient solution, the
main leaf (the third leaf) of each rice plant was excised and cut into
small pieces (1.5 cm in length), which were immersed in 0, 150,
300 or 450 mM NaCl solution for four days. The leaf chlorophyll
content was then determined using a UV–vis spectrophotometer
(PGENERAL UV-1800S) to measure the absorbance at 663 and
645 nm, according to a previously described procedure [21].
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3.1. TaSRG cloning and sequence analysis
Based on the SOM cluster results of the microarray data for
wheat mutant RH8706-49 treated with a salt-stress condition
(Supplementary Fig. 1), a query probe using gb BQ161325, whose
expression was up-regulated in our wheat microarray study, was
performed to ﬁnd highly homologous EST fragments in wheat; a
complete cDNA sequence in wheat was then assembled by an in
silico cloning method. This cDNA contained 510 bp of a complete
open reading frame encoding an unknown protein (169 amino
acids). The coding sequence had 94% and 75% homology with
homologous genes in rice (Os04g0408600) and Arabidopsis
(AT2G27740), respectively, while the protein sequence exhibited
83% and 60% homology with the rice and Arabidopsis homologous
proteins, respectively. These proteins all contain a DUF662 domain,
which is found in a family of hypothetical eukaryotic proteins and
maybe a bHLH domain (Supplementary Fig. 2). This novel wheat
gene was named TaSRG (Triticum aestivum Salt Response Gene)
and deposited in GenBank with the accession number DQ672342.
3.2. TaSRG expression patterns in wheat
When wheat plants were treated with ABA, PEG, NaCl or cold,
the level of TaSRG gene expression increased in the leaves
(Fig. 1A). In addition, ABA treatment for 6 h resulted in a 7.2-fold
increase in the TaSRG transcript level (Student’s t-test, P < 0.01).
Comparatively, the TaSRG gene transcript levels induced by the
cold and NaCl stresses were not as high as those induced by the
ABA treatment. When subjected to NaCl stress for 12 h or cold
stress for 72 h, the TaSRG expression levels were 2.5- and 1.8-fold
higher than the untreated control, respectively. When treated with
PEG for 12 h, the TaSRG gene expression was 1.3-fold higher than
the control.Fig. 1. TaSRG expression in the leaves and roots of the salt-tolerant wheat mutant,
RH8706-49. Wheat plants were treated with 175 mM NaCl, 50 lmol/L ABA, 16.7%
PEG or cold (4 C) for 0, 1, 6, 12, and 72 h. Values are the mean ± SD (n = 7). Asterisks
indicate signiﬁcant differences (Student’s t-test, P < 0.01).In wheat roots, TaSRG expression in the plants treated with salt
stress for 12 h reached the highest level as compared to the other
stress treatments, which was 1.8-fold higher than the control (Stu-
dent’s t-test, P < 0.05). The PEG and ABA treatments both induced a
1.4-fold higher level of TaSRG expression than the control, whereas
the cold stress inhibited TaSRG gene expression in the root
(Fig. 1B).
3.3. TaSRG subcellular localisation
The roots of transgenic Arabidopsis were employed for the TaS-
RG subcellular localisation study using confocal microscopy. In
control plant roots, the GFP ﬂuorescence was distributed in all
parts of the cell, including the nuclei, cell membranes and cyto-
plasm, whereas the ﬂuorescence in transgenic Arabidopsis thaliana
was only observed in the cell nuclei (Fig. 2).
3.4. Activation of gene transcription by TaSRG
The gene transcription activation potential by TaSRG was ana-
lysed by a yeast one-hybrid assay and revealed by an X-gal chro-
mogenic assay of b-galactosidase activity. After 30 min of
incubation, the yeast (strain EGY48) cells, containing both the
pG221 and pYF503-TaSRG vectors, turned blue (Fig. 2E), whereas
the EGY48 cells carrying pG221 and the empty pYF503 plasmid
did not generate any blue colour within 2 h of incubation. This
indicated that the TaSRG gene product was able to activate tran-
scription of the lacZ reporter gene and, thus, may encode a tran-
scription factor.
3.5. Salt tolerance of transgenic Arabidopsis
TaSRG-overexpressing Arabidopsis homozygous lines (141, 143,
and 147), as well as the WT controls, were used for the examina-
tion of salt tolerance. When treated with 50 mM NaCl, the trans-
genic seeds had a signiﬁcantly higher germination rate than the
control (Fig. 3B). However, when treated with 150 mM NaCl, the
germination of the WT seeds was signiﬁcantly delayed, as com-
pared with the transgenic (overexpressing) seeds (Fig. 3C). An Ara-
bidopsis mutant (SALK_095340.29.35X), which has an interrupted
gene (At2g27740, homologous to TaSRG) due to a T-DNA insertion
in the promoter region, was also examined. Compared to the WT,A B
C D E 
Fig. 2. Subcellular localisation of the TaSRG-GFP fusion protein in the root cells of
transgenic Arabidopsis. (A) Florescence imaging using confocal microscopy; (B)
transmission imaging using confocal microscopy; (C) TaSRG-GFP fusion protein
expression in the root; (D) GFP protein expression in the root; (E) the qualitative
assay of TaSRG gene transcription activation – (a) indicates the control containing
the pG221 plasmid and empty plasmid (pYF503), (b) contains pG221 and pYF503-
TaSRG.
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Fig. 3. Effects of salt stress on the germination of transgenic plants. (A) Seeds of WT (Col) and TaSRG-overexpressing lines (141, 143 and 147) were germinated on MS for 4 d.
(B) Seeds of WT (Col) and TaSRG-overexpressing lines (141, 143 and 147) were germinated on MS with 50 mM NaCl for 4 d. (C) Seeds of WT (Col) and TaSRG-overexpressing
lines (141, 143 and 147) were germinated on MS containing 150 mM NaCl for 4 d. (D) The seed germination rate of WT and TaSRG-overexpressing lines were germinated on
MS with 50 mM NaCl for 4 d. (E) The seed germination rate of WT and TaSRG-overexpressing lines were germinated on MS containing 150 mM NaCl for 4 d. Values are the
mean ± SD (n = 5). Asterisks indicate signiﬁcant differences (Student’s t-test, P < 0.01).
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ited under salt-stress conditions (Fig. 4B). In contrast, the root
growth of the TaSRG-overexpressing mutants and WT showed no
difference, suggesting that TaSRG-overexpression can complement
the mutant’s salt-sensitive phenotype (Fig. 4E).
3.6. Determination of the ion and proline contents
Without salt stress, the wild-type, SALK mutant, and TaSRG-
overexpressing Arabidopsis plants displayed no differences in their
contents of Na+, K+ and Ca2+. Conversely, under salt stress, the ion
content in each plant was increased, except that the level of Na+ in
the overexpressing transgenic Arabidopsis was signiﬁcantly lower
than the WT control. Additionally, the level of Na+ in the SALK mu-
tant was signiﬁcantly higher than the control. The TaSRG-over-
expressing Arabidopsis and WT plants exhibited no signiﬁcant
differences in the K+ content, while the mutant had a signiﬁcantly
lower level of K+ than the control. Compared to the WT control, the
transgenic Arabidopsis had a higher ratio of K+/Na+, while the mu-
tant had a lower K+/Na+ ratio (Fig. 5D), which was correlated with404       Col       404     Col Col
A B
D
    Col                  404    Hf2
Fig. 4. Phenotype of the Arabidopsis thaliana mutant under 100 mM NaCl stress. (A) See
Seeds of WT (Col) and mutant (404) were germinated on MS agar medium containing 100
MS agar medium containing 100 mM NaCl for 8 d. (D) Seeds of WT (Col) and TaSRG-ove
were then grown on MS agar medium for another 4 d. (E) Seeds of WT (Col) and TaSRG-ov
were then grown on MS agar medium containing 100 mM NaCl for another 4 d.the differences in the salt sensitivity of the different plants. The
Ca2+ levels in the TaSRG-overexpressing Arabidopsis plants were
signiﬁcantly lower than those in the mutant and WT. Under salt-
stress conditions, the Ca2+ levels in the WT plants were signiﬁ-
cantly reduced, while those in the overexpression lines were main-
tained at the level found under non-stress conditions, and the Ca2+
levels in the mutant did not change signiﬁcantly. Moreover, in the
transgenic Arabidopsis plants, the proline level was twofold higher
than the WT control, whereas in the mutant, the proline content
was lower than in the WT (Fig. 5E).
3.7. Stress-related gene expression in Arabidopsis
The expression levels of ﬁve genes, RD29B, KIN2, P5CS, COR15a,
and ADH1, all closely associated with plant salt tolerance, were
measured under non-salt-stress conditions using quantitative
PCR. Compared with WT plants, the TaSRG-overexpressing Arabid-
opsis plants had signiﬁcantly higher transcript levels of COR15a
and P5CS1; in contrast, the mutant displayed signiﬁcantly reduced
expression levels of COR15a and P5CS1. The expression of ADH1 in-Hf1 Col Hf1
E
Hf3 Hf2 Hf3
ds of WT (Col) and mutant (404) were germinated on MS agar medium for 4 d. (B)
mM NaCl for 4 d. (C) Seeds of wild-type (Col) and mutant (404) were germinated on
rexpressing mutant (Hf) were germinated on MS medium for 4 d, and the seedlings
erexpressing mutant (Hf) were germinated on MS medium for 4 d, and the seedlings
Fig. 5. Determination of the ion and proline contents. (A) The Na+ content of plants treated with 0 mM NaCl or 100 mM NaCl (Col – WT control, 141 – TaSRG transgenic line,
404 – mutant line); (B) The K+ content in plants treated with 0 mM NaCl or 100 mM NaCl stress (Col – WT control, 141 – TaSRG transgenic line, 404 – mutant line); (C) The
Ca2+ content of plants treated with 0 mMNaCl or 100 mMNaCl stress (Col –WT control, 141 – TaSRG transgenic line, 404 – mutant line); (D) The K+/Na+ ratio of plants treated
with 0 mM NaCl (Col – WT control, 141 – TaSRG transgenic line, 404 – mutant line); (E) The proline contents of Arabidopsis treated with 0 mM (Col – WT control, 141 – TaSRG
transgenic line, 404 – mutant line). Values are the mean ± SD (n = 5). Asterisks indicate signiﬁcant differences (Student’s t-test, P < 0.05).
Fig. 6. Expression of salt-correlated genes in Arabidopsis. Two-week-old Arabidop-
sis seedlings grown on MS growth medium were used for total RNA extraction.
Real-time quantitative PCR was performed to analyse the salt tolerance-related
genes after reverse transcription (Col, wild type control; 141, transgenic line; 404,
mutant line). Values are the mean ± SD (n = 5). Asterisks indicate signiﬁcant
differences (Student’s t-test, P < 0.01).
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it was decreased in the SALK mutant (Fig. 6).
3.8. Survival rate and chlorophyll content of transgenic rice under salt
stress
RNAi-transgenic rice plants with a silenced OsSRG gene were
generated in this study for the further characterisation of the
homologue of TaSRG in rice. After treatment with 150 mM NaCl
for 7 d, both the RNAi lines and the control plants exhibited a wilt-
ing phenotype. More serious wilting, and even death, occurred in
the RNAi lines (Fig. 7B), suggesting that the RNAi lines became sen-
sitive to salt stress. When treated with NaCl, the WT leaves turned
yellow, and the chlorophyll content decreased (Fig. 7D). The leaves
of the transgenic RNAi lines showed an increase in chlorosis, and
the chlorophyll content was lower compared with the control
(Fig. 7F); the degree of chlorosis (leaf yellowing) increased with
the increase of the salt concentration. We also observed that when
treated with 450 mM NaCl, the excised sites of the leaves of the
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Fig. 7. Survival rate and the chlorophyll content of transgenic rice under salt stress. (A) RNAi-transgenic plants and control plants before salt stress. (B) RNAi-transgenic and
control plants treated with 150 mM NaCl for 7 d. (C) Survival rate of RNAi-transgenic and control plants treated with 150 mM NaCl treatment for 7 d. (D) RNAi-transgenic
plants conﬁrmed by QRT-PCR (Col, negative control; i, transgenic plants). (E) The leaves of RNAi-transgenic and control plants treated with 0, 150, 300, and 450 mM NaCl for
4 d. (F) The chlorophyll content of RNAi-transgenic and control plants treated with 0, 150, 300, and 450 mM NaCl. Values are the mean ± SD (n = 6). Asterisks indicate
signiﬁcant differences (Student’s t-test, P < 0.01).
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creased sensitivity to salt, these results suggest that OsSRG can en-
hance salt tolerance.4. Discussion
In this report, we studied a novel wheat gene, TaRSG, whose
expression was revealed by cDNA microarray analyses to increase
signiﬁcantly after 12 h of salt treatment. Its complete cDNA se-
quence was PCR cloned and the deduced protein (169 amino acids)
was found to contain a bHLH domain. The gene had 94% and 75%
homology at the DNA level and 83% and 60% at protein level with
Os04g0408600 in rice and AT2G27740 in Arabidopsis, respectively.
The yeast transcriptional activation analysis indicated that TaSRG
possesses transcriptional activation activity (Fig. 2E), and the local-
isation analysis showed that TaSRG was located in the nucleus
(Fig. 2A). Taken together, we speculate that TaSRG encodes a tran-
scription factor, which plays a role in the salt tolerance of wheat.
In order to further investigate the functions of TaSRG that are re-
lated to plant salt tolerance, the TaSRG expression in the leaves and
roots of the salt-tolerant wheat mutant, RH8706-49, was deter-
mined under several abiotic stresses. Our data showed that TaSRG
transcript levels increased due to the stress conditions, and the lev-
els were particularly enhanced after ABA treatment (Fig. 1). Further
analyses of the TaSRG-overexpressing Arabidopsis plants and the
Arabidopsis SALK mutant showed that the overexpression of TaSRG
enhanced the salt tolerance of transgenic Arabidopsis (Fig. 3),
whereas the mutant was salt sensitive (Fig. 4). Expression of the
homologous gene, OsSRG, in rice was inhibited by more than 50%
using RNAi technology, and salt stress in these plants resulted in
a signiﬁcant decrease in their survival rate (Fig. 7B) and leaf chlo-
rophyll content (Fig. 7E) compared to the WT control, suggesting
that the suppression of OsSRG in rice led to an increased salt sensi-
tivity. These results clearly demonstrate that the function of TaSRG
is closely related to salt tolerance in plants.
To explore the mechanisms underlying the possible TaSRG-
mediated regulation of salt tolerance, some phytochemical indica-
tors related to plant salt-tolerance were measured. Under salt
stress, TaSRG-overexpressing Arabidopsis contained a lower level
of Na+, a higher ratio of K+/Na+ and maintained stable levels of cel-lular K+ and Ca2+, whereas the SALK mutant had a high level of Na+
and a lower ratio of K+/Na+ (Fig. 5D). According to Cuin et al. [22], a
high K+/Na+ ratio is an important indicator for plants that are salt
tolerant. In addition, the proline content in the different plants
was determined and found to be increased in the TaSRG-over-
expressing Arabidopsis plants, while the proline levels decreased
in the loss-of-function mutant (Fig. 5E). Indeed, it is well known
that proline accumulation can increase the osmotic pressure and,
thus, improve the salt tolerance of plants [23].
Lastly, we analysed the expression of P5CS1, the key enzyme in
proline synthesis [24,25], and some other genes known to be re-
lated to salt resistance. Introduction of mothbean P5CS gene into
tobacco increased plant proline content and tolerance to drought
stress [26]. In addition, overexpression of mothbean P5CS gene in
rice increased the proline content and salt tolerance of transgenic
plants [27]. Knockout mutations of P5CS1 result in the reduction
of stress-induced proline synthesis, hypersensitivity to salt stress,
and accumulation of reactive oxygen species [28]. Compared to
the control, the expression of P5CS1 was signiﬁcantly increased
in transgenic plants, but it was decreased in the mutant (Fig. 6).
Therefore, we speculate that TaSRG may have controlled P5CS1
expression and, subsequently, enhanced the proline accumulation
for osmotic adjustment in the maintenance of a high K+/Na+ ratio,
thus improving the salt tolerance of the transgenic plants.
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